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113801690438016904116470.7116470.710.1210.120.710.718.60E8.60E--0707thrombospondinthrombospondin repeatrepeat containingcontaining 1 1 isoformisoform 1 [Homo 1 [Homo sapienssapiens]]

33145899611458996110671.310671.330.2230.222.792.795.02E5.02E--0707chemokinechemokine (C(C--C C motifmotif) ligand 14 ) ligand 14 isoformisoform 1 precursor [Homo 1 precursor [Homo sapienssapiens]]

114827036482703621716.721716.710.1710.170.910.914.60E4.60E--0707peptidoglycanpeptidoglycan recognitionrecognition proteinprotein 1 [Homo 1 [Homo sapienssapiens]]

229257232925723223496.823496.820.2020.201.881.883.28E3.28E--0707orosomucoidorosomucoid 1 precursor [Homo 1 precursor [Homo sapienssapiens]]

11199231061992310639706.339706.310.1710.170.960.962.54E2.54E--0707paraoxonaseparaoxonase 1 [Homo 1 [Homo sapienssapiens]]

114506413450641320973.720973.710.2010.200.970.979.02E9.02E--0808RAP1A, RAP1A, membermember ofof RAS RAS oncogeneoncogene familyfamily [Homo [Homo sapienssapiens]]

114503635450363569992.269992.210.2110.210.970.977.52E7.52E--0808coagulationcoagulation factor II precursor [Homo factor II precursor [Homo sapienssapiens]]

10104505733450573310837.910837.950.2450.244.764.764.38E4.38E--0808plateletplatelet factor 4 (factor 4 (chemokinechemokine (C(C--XX--C C motifmotif) ligand 4) [Homo ) ligand 4) [Homo sapienssapiens]]

22503632195036321946707.146707.120.2420.241.911.913.60E3.60E--0808serineserine ((oror cysteine) cysteine) proteinaseproteinase inhibitorinhibitor, , cladeclade A (alphaA (alpha--1 1 antiproteinaseantiproteinase, , antitrypsinantitrypsin), ), membermember 1 [Homo 1 [Homo sapienssapiens]]

44384554023845540222573.722573.740.2140.213.783.781.32E1.32E--0808lipocalinlipocalin 2 (2 (oncogeneoncogene 24p3) [Homo 24p3) [Homo sapienssapiens]]

116253039162530391141646.7141646.710.2410.240.960.961.04E1.04E--0808selenoproteinselenoprotein P precursor [Homo P precursor [Homo sapienssapiens]]

55117616291176162969713.869713.850.2350.234.454.458.68E8.68E--0909fibrinogenfibrinogen, alpha , alpha polypeptidepolypeptide isoformisoform alpha alpha preproproteinpreproprotein [Homo [Homo sapienssapiens]]

111338562013385620153745.9153745.910.2310.230.970.979.46E9.46E--1010alpha 1 alpha 1 typetype XVIII XVIII collagencollagen isoformisoform 1 precursor [Homo 1 precursor [Homo sapienssapiens]]

774507725450772515877.115877.170.2470.246.346.347.20E7.20E--1010transthyretintransthyretin [Homo [Homo sapienssapiens]]

22110246821102468217014.317014.310.2110.210.960.966.67E6.67E--1010insulininsulin--likelike growthgrowth factor 1 (factor 1 (somatomedinsomatomedin C) [Homo C) [Homo sapienssapiens]]

2525154517861545178625486.225486.280.2280.227.097.093.79E3.79E--1010plateletplatelet--derivedderived growthgrowth factor beta factor beta isoformisoform 2, 2, preproproteinpreproprotein [Homo [Homo sapienssapiens]]

25254505681450568127266.127266.180.2280.227.097.093.79E3.79E--1010plateletplatelet--derivedderived growthgrowth factor beta factor beta isoformisoform 1, 1, preproproteinpreproprotein [Homo [Homo sapienssapiens]]

99380442883804428880590.680590.670.2370.236.546.541.21E1.21E--1010gelsolingelsolin isoformisoform b [Homo b [Homo sapienssapiens]]

33888530698885306954271.254271.230.1930.192.852.851.11E1.11E--1010vitronectinvitronectin precursor [Homo precursor [Homo sapienssapiens]]

33382016823820168217632.717632.730.3030.302.842.843.20E3.20E--1111pancreaticpancreatic ribonucleaseribonuclease precursor [Homo precursor [Homo sapienssapiens]]

1010427162974271629757795.757795.780.2880.287.397.391.25E1.25E--1111clusterinclusterin isoformisoform 1 [Homo 1 [Homo sapienssapiens]]

12124504489450448959540.959540.9100.24100.249.249.245.01E5.01E--1212histidinehistidine--richrich glycoproteinglycoprotein precursor [Homo precursor [Homo sapienssapiens]]

554505737450573751242.051242.030.2430.242.862.864.81E4.81E--1212properdinproperdin P factor, P factor, complementcomplement [Homo [Homo sapienssapiens]]

774503629450362967774.167774.170.2670.266.656.652.02E2.02E--1212coagulationcoagulation factor XII precursor [Homo factor XII precursor [Homo sapienssapiens]]

64644505981450598113885.413885.490.2890.288.298.291.37E1.37E--1212propro--plateletplatelet basicbasic proteinprotein precursor [Homo precursor [Homo sapienssapiens]]

16164502005450200539299.739299.760.2360.235.335.331.36E1.36E--1212alphaalpha--22--HSHS--glycoproteinglycoprotein [Homo [Homo sapienssapiens]]

774507557450755722552.322552.370.2870.286.166.168.72E8.72E--1313CC--typetype lectin lectin domaindomain familyfamily 3, 3, membermember B [Homo B [Homo sapienssapiens]]

884505735450573511545.311545.340.2440.243.803.805.80E5.80E--1313plateletplatelet factor 4 factor 4 variantvariant 1 [Homo 1 [Homo sapienssapiens]]

15154557323455732310845.510845.570.2570.256.596.593.26E3.26E--1313apolipoproteinapolipoprotein CC--III precursor [Homo III precursor [Homo sapienssapiens]]

2020912064389120643822058.922058.930.2630.262.922.922.91E2.91E--1313hypotheticalhypothetical proteinprotein LOC649897 [Homo LOC649897 [Homo sapienssapiens]]

17174557327455732738286.738286.7130.31130.3112.3312.331.38E1.38E--1313apolipoproteinapolipoprotein H precursor [Homo H precursor [Homo sapienssapiens]]

664557894455789416526.316526.350.2550.254.544.542.11E2.11E--1414lysozyme precursor [Homo lysozyme precursor [Homo sapienssapiens]]

22113215611132156151643.351643.320.2320.231.841.844.44E4.44E--1616hemopexinhemopexin [Homo [Homo sapienssapiens]]

PeptidePeptideAccessionAccessionMWMWScoreScoreSfSfP (pro)P (pro)ReferenceReference

114504893450489347852.747852.710.1210.120.500.501.00E+001.00E+00kininogenkininogen 1 [Homo 1 [Homo sapienssapiens]]

11167519211675192111276.811276.810.1410.140.800.801.00E+001.00E+00dermcidindermcidin preproproteinpreproprotein [Homo [Homo sapienssapiens]]

11139941511399415136049.136049.110.1210.120.820.829.29E9.29E--0404PDZ PDZ andand LIM LIM domaindomain 1 (1 (elfinelfin) [Homo ) [Homo sapienssapiens]]

11380936573809365782378.882378.810.1410.140.590.597.16E7.16E--0404hypotheticalhypothetical proteinprotein LOC285513 [Homo LOC285513 [Homo sapienssapiens]]

11655064426550644280008.280008.210.1310.130.350.355.90E5.90E--0404propionylpropionyl--CoenzymeCoenzyme A A carboxylasecarboxylase, alpha , alpha polypeptidepolypeptide precursor [Homo precursor [Homo sapienssapiens]]

11108350951083509514797.314797.310.1610.160.940.944.59E4.59E--0404serumserum amyloidamyloid A4, A4, constitutiveconstitutive [Homo [Homo sapienssapiens]]

115453710545371029698.229698.210.1510.150.900.904.58E4.58E--0404LIM LIM andand SH3 SH3 proteinprotein 1 [Homo 1 [Homo sapienssapiens]]

334526914145269141138023.2138023.230.1930.192.592.591.34E1.34E--0404multimerinmultimerin 1 [Homo 1 [Homo sapienssapiens]]

114506549450654918342.118342.110.1910.190.920.921.24E1.24E--0404ribonucleaseribonuclease, , RNaseRNase A A familyfamily, 2 (, 2 (liverliver, , eosinophileosinophil--derivedderived neurotoxinneurotoxin) [Homo ) [Homo sapienssapiens]]

11313777153137771566797.666797.610.1210.120.670.675.91E5.91E--0505solutesolute carriercarrier familyfamily 13 13 membermember 3 3 isoformisoform a [Homo a [Homo sapienssapiens]]

11663478756634787580148.080148.010.1910.190.890.895.39E5.39E--0505complementcomplement componentcomponent 1, r 1, r subcomponentsubcomponent [Homo [Homo sapienssapiens]]

99671912086719120876981.676981.610.1710.170.870.874.40E4.40E--0505ubiquitinubiquitin C [Homo C [Homo sapienssapiens]]

114506713450671317953.517953.510.1710.170.870.874.40E4.40E--0505ubiquitinubiquitin andand ribosomalribosomal proteinprotein S27a precursor [Homo S27a precursor [Homo sapienssapiens]]

114503107450310715789.115789.110.1510.150.910.914.21E4.21E--0505cystatincystatin C precursor [Homo C precursor [Homo sapienssapiens]]

22450683145068319842.19842.120.1820.181.831.833.93E3.93E--0505smallsmall inducibleinducible cytokinecytokine A18 precursor [Homo A18 precursor [Homo sapienssapiens]]

1145036434503643251559.8251559.810.1710.170.920.923.77E3.77E--0505coagulationcoagulation factor V precursor [Homo factor V precursor [Homo sapienssapiens]]

22947213479472134761110.261110.220.1520.151.911.913.71E3.71E--0505heparanaseheparanase [Homo [Homo sapienssapiens]]

114506145450614526541.126541.110.1810.180.890.893.33E3.33E--0505proteaseprotease, , serineserine, 1 , 1 preproproteinpreproprotein [Homo [Homo sapienssapiens]]

11321712493217124921015.421015.410.2010.200.960.962.14E2.14E--0505prostaglandinprostaglandin H2 DH2 D--isomeraseisomerase [Homo [Homo sapienssapiens]]

224826898482689815044.615044.620.1720.171.591.591.55E1.55E--0505profilinprofilin 1 [Homo 1 [Homo sapienssapiens]]

114504619450461929111.529111.510.2010.200.950.951.21E1.21E--0505insulininsulin--likelike growthgrowth factor factor bindingbinding proteinprotein 7 [Homo 7 [Homo sapienssapiens]]

224504609450460920127.320127.320.1520.151.841.848.75E8.75E--0606insulininsulin--likelike growthgrowth factor 2 [Homo factor 2 [Homo sapienssapiens]]

334502163450216321261.821261.830.1830.182.612.616.76E6.76E--0606apolipoproteinapolipoprotein D precursor [Homo D precursor [Homo sapienssapiens]]

11114968851149688549812.649812.610.1310.130.870.876.69E6.69E--0606PDZ PDZ andand LIM LIM domaindomain 7 7 isoformisoform 1 [Homo 1 [Homo sapienssapiens]]

114507065450706514315.914315.910.1610.160.960.965.37E5.37E--0606secretorysecretory leukocyteleukocyte peptidasepeptidase inhibitorinhibitor precursor [Homo precursor [Homo sapienssapiens]]

11709064357090643555892.255892.210.2010.200.960.964.45E4.45E--0606fibrinogenfibrinogen, beta , beta chainchain preproproteinpreproprotein [Homo [Homo sapienssapiens]]

1145037454503745280583.4280583.410.1510.150.800.804.13E4.13E--0606filaminfilamin 1 (1 (actinactin--bindingbinding proteinprotein--280) [Homo 280) [Homo sapienssapiens]]

554505881450588190510.290510.250.2450.244.134.132.87E2.87E--0606plasminogenplasminogen [Homo [Homo sapienssapiens]]

11335044893350448946982.146982.110.1810.180.900.902.55E2.55E--0606dermokinedermokine isoformisoform beta [Homo beta [Homo sapienssapiens]]

11488518148851817414.67414.610.2210.220.940.941.67E1.67E--0606defensindefensin, beta 1 , beta 1 preproproteinpreproprotein [Homo [Homo sapienssapiens]]

224759074475907413591.413591.420.2020.201.851.851.31E1.31E--0606smallsmall inducibleinducible cytokinecytokine A16 precursor [Homo A16 precursor [Homo sapienssapiens]]

554758146475814610194.210194.230.1530.152.662.661.22E1.22E--0606defensindefensin, alpha 1 , alpha 1 preproproteinpreproprotein [Homo [Homo sapienssapiens]]

PeptidePeptideAccessionAccessionMWMWScoreScoreSfSfP (pro)P (pro)ReferenceReference

CancerCancer--associated blood biomarkers exist in exceedingly low concentratiassociated blood biomarkers exist in exceedingly low concentrations within ons within 
complex mixtures of highcomplex mixtures of high--abundance proteins such as albumin and abundance proteins such as albumin and 

immunoglobulins. Moreover, biomarkers in the blood may be subjecimmunoglobulins. Moreover, biomarkers in the blood may be subjected to ted to 
degradation during transportation and storage. Such degradation degradation during transportation and storage. Such degradation is a significant is a significant 

source of bias for cancer biomarker measurement and discovery. Wsource of bias for cancer biomarker measurement and discovery. We have created e have created 

NN--isopropylacrylamide porous, sieving, core shell isopropylacrylamide porous, sieving, core shell ““smartsmart”” nanoparticles containing nanoparticles containing 
an internal affinity bait to perform three independent functionsan internal affinity bait to perform three independent functions within minutes, in within minutes, in 

one step, in solution (serum or plasma): a) molecular size sievione step, in solution (serum or plasma): a) molecular size sieving with complete ng with complete 
separation from high abundance residence proteins such as albumiseparation from high abundance residence proteins such as albumin and n and 

immunoglobulin, b) affinity capture of all solution phase targetimmunoglobulin, b) affinity capture of all solution phase target molecules, and c) molecules, and c) 

complete protection of harvested proteins from enzymatic degradacomplete protection of harvested proteins from enzymatic degradation. The tion. The 
envisioned technology is a panel of dry lyophilized, subenvisioned technology is a panel of dry lyophilized, sub--micron sized harvesting micron sized harvesting 

particles that carry specific bait for known biomarkers. Followiparticles that carry specific bait for known biomarkers. Following introduction of the ng introduction of the 
blood or body fluid, the respective particle populations will reblood or body fluid, the respective particle populations will remove all of their target move all of their target 

molecules, in one step, in solution, from the entire volume of tmolecules, in one step, in solution, from the entire volume of the sample and he sample and 
concentrate the sequestered analytes inside the particles. Analyconcentrate the sequestered analytes inside the particles. Analytes will then be tes will then be 

eluted from the particles to yield a much higher concentration aeluted from the particles to yield a much higher concentration and purification nd purification 

compared to the starting sample. Depending on the starting volumcompared to the starting sample. Depending on the starting volume of the blood, e of the blood, 
this technology can concentrate a biomarker many hundred fold, athis technology can concentrate a biomarker many hundred fold, and prevent nd prevent 

degradation, within minutes. degradation, within minutes. 

ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

AtomicAtomic forceforce microscopymicroscopy picturespictures ofof NIPAmNIPAm--basedbased harvestingharvesting nanoparticlesnanoparticles

NIPAmNIPAm--basedbased particleparticle in a in a tubetube ofof
bloodblood harvestsharvests andand concentratesconcentrates

biomarkes, biomarkes, whichwhich are are thenthen elutedeluted in in 

a a smallersmaller volumevolume

ComparisonComparison ofof ourour approachapproach toto

harvestingharvesting biomarkersbiomarkers in in bloodblood withwith
otherother proposedproposed methodsmethods involvinginvolving

nanoparticlesnanoparticles1,2,31,2,3
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Bovine serum albumin (BSA, MW 66,000 Da) was Bovine serum albumin (BSA, MW 66,000 Da) was 

completely excluded in all experiments, while smaller completely excluded in all experiments, while smaller 

proteins such as insulin (MW 3,500 Da) and myoglobin proteins such as insulin (MW 3,500 Da) and myoglobin 

(MW 17,000 Da) were harvested by particles as proven (MW 17,000 Da) were harvested by particles as proven 

with flow cytometry and SDS PAGE analysiswith flow cytometry and SDS PAGE analysis

When NIPAm/AAc baited When NIPAm/AAc baited 

particles were incubated with a particles were incubated with a 

protein molecular weight marker protein molecular weight marker 

solution, the particles captured solution, the particles captured 

and concentrated all protein and concentrated all protein 

molecules with MW less than ca. molecules with MW less than ca. 

21,500 Da, and did not bind any 21,500 Da, and did not bind any 

proteins with MW greater than proteins with MW greater than 

21,500 Da, with total exclusion 21,500 Da, with total exclusion 

of albumin of albumin 

Western blot analysis revealed Western blot analysis revealed 

that recombinant PDGF spiked in that recombinant PDGF spiked in 

human serum was barely human serum was barely 

detectable at two concentrations detectable at two concentrations 

(5 and 2.5 (5 and 2.5 ngng/ml). NIPAm/AAc /ml). NIPAm/AAc 

particles harvested and particles harvested and 

concentrated PDGF so that it concentrated PDGF so that it 

became clearly detectable became clearly detectable 

(approximately 300 times (approximately 300 times 

concentrated).concentrated).

The kinetics of protein uptake was very rapid, in the order of mThe kinetics of protein uptake was very rapid, in the order of minutes, for a lysozyme solution incubated inutes, for a lysozyme solution incubated 

with two different quantities of NIPAm/AAc particles.  The amounwith two different quantities of NIPAm/AAc particles.  The amount of protein remaining in bulk solution t of protein remaining in bulk solution 

after incubation with NIPAm/AAc particles was measured by Reversafter incubation with NIPAm/AAc particles was measured by Reverse Phase Protein Arrays (RPPA) The e Phase Protein Arrays (RPPA) The 

kinetics of protein uptake by NIPAm/AAc particles was further inkinetics of protein uptake by NIPAm/AAc particles was further investigated by incubating particles with vestigated by incubating particles with 

BSA and lysozyme using SDSBSA and lysozyme using SDS--PAGE to monitor lysozyme uptake at time points of 1, 10, 20, 30,PAGE to monitor lysozyme uptake at time points of 1, 10, 20, 30, and 60 and 60 

minutes.  Lysozyme sequestration was nearly complete after 1 minminutes.  Lysozyme sequestration was nearly complete after 1 minute with no detectable change by 60 ute with no detectable change by 60 

minutes, confirming that the process occurs very quickly as indiminutes, confirming that the process occurs very quickly as indicated in the flow cytometry time course cated in the flow cytometry time course 

study described above.  As expected, BSA was excluded by the parstudy described above.  As expected, BSA was excluded by the particles, and none of the BSA was takenticles, and none of the BSA was taken--

up by the NIPAm/AAc throughout the duration of the experiment (6up by the NIPAm/AAc throughout the duration of the experiment (60 minutes)0 minutes)
SDS PAGE analysis demonstrated that tryptic degradation of SDS PAGE analysis demonstrated that tryptic degradation of 

lysozyme in its native form yielded clearly detectable products lysozyme in its native form yielded clearly detectable products 

when conducted at 1:10 when conducted at 1:10 w/ww/w protease:proteinprotease:protein ratio and ratio and 

overnight incubation. overnight incubation. In the same conditions NIPAm/AAc In the same conditions NIPAm/AAc 

particles harvested both the protein and the protease particles harvested both the protein and the protease 

and fully protected lysozyme from degradation.and fully protected lysozyme from degradation. In the In the 

presence of BSA in solution, lysozyme and trypsin were presence of BSA in solution, lysozyme and trypsin were 

captured by particles and lysozyme was protected from captured by particles and lysozyme was protected from 

proteolysis, while BSA was left in solution and was vastly proteolysis, while BSA was left in solution and was vastly 

degraded by the remaining enzyme.degraded by the remaining enzyme.

To verify the effectiveness of the bait to To verify the effectiveness of the bait to 

protect biomarkers from degradation, we protect biomarkers from degradation, we 

used reduced and alkylated lysozyme and used reduced and alkylated lysozyme and 

incubated it with trypsin and particles. incubated it with trypsin and particles. 

ParticlesParticles with bait harvested and with bait harvested and 

concentrated denatured lysozyme and concentrated denatured lysozyme and 

protected lysozyme from degradation. protected lysozyme from degradation. 

Recombinant PDGF (half life in serum = 3 minutes) was spiked in Recombinant PDGF (half life in serum = 3 minutes) was spiked in human serum at a concentration of 10 human serum at a concentration of 10 ng/ulng/ul and the serum was incubated for 1 hour with particles. Proteinsand the serum was incubated for 1 hour with particles. Proteins were eluted from particles and analyzed with were eluted from particles and analyzed with nanoRPLCnanoRPLC--MS/MS. Fragments of PDGF were MS/MS. Fragments of PDGF were 

detected among a list of very rare and low molecular weight protdetected among a list of very rare and low molecular weight proteins. eins. SequestSequest result filter criteria: result filter criteria: XcorrXcorr vsvs charge 2.2, 3.5 for 2+, 3+ ions; Delta charge 2.2, 3.5 for 2+, 3+ ions; Delta CnCn > 0.1, Top #1 ranked; P (Pro) < 0.01.> 0.1, Top #1 ranked; P (Pro) < 0.01.
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